Melting points are uncorrected. 1 H, 13 C and 19 F NMR spectra were recorded on a Brüker Ava400 (400 MHz) instrument and calibrated to residual solvent peaks: proton (CDCl 3 : 7.26 ppm) and carbon (CDCl 3 : 77.0 ppm).
19
F NMR yields were determined using 4-fluoroanisole as internal standard ( = -124.8 ppm). Data for 1 H and 19 F NMR are presented as follows: chemical shift (in ppm on the δ scale), multiplicity (bs = broad singlet, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), the coupling constant (J, in Hertz) and integration. 13 C data are reported as the ppm on the δ scale followed by the interpretation and multiplicity where appropriate. Gas chromatography-mass spectrometry (GC/MS) was performed using Agilent 5975C Triple Axis GCMS (EI/CI). High Resolution Mass spectra were obtained from the EPSRC mass spectrometry service at the University of Swansea or from the analytical service at Syngenta, Jealott's Hill International Research Centre, UK. The data is recorded as the method followed by the calculated and measured masses. TLC was performed on Merck 60F 254 silica plates and visualised by UV light and potassium permanganate stains. The compounds were purified by flash chromatography using Aldrich silica gel (particle size 40-63 μm) under a positive pressure. The eluent is quoted as a percentage. Anhydrous DMSO used for the trifluoromethylation reaction was bought from Sigma-Aldrich and used as received. All other chemicals were purchased from a chemical supplier and used as received.
S2
Trifluoromethylation of electron-rich (hetero)arenes: Scheme S1. Trifluoromethylation of electron rich (hetero)arenes.
General procedure A: An oven-dried reaction vial (5 mL) was charged with (hetero)arene 1 (0.3 mmol), (diacetoxyiodo)benzene (193.3 mg, 0.6 mmol), trimethyl(trifluoromethyl)silane (88.7 μL, 0.6 mmol) and anhydrous DMSO (1 mL). The mixture was stirred at room temperature for 1 min and AgF (9.5 mg, 0.075 mmol) was slowly added to the stirring mixture. The vial was sealed with a septum cap and the reaction was kept stirring at the same temperature for 20 h. The resulting mixture was quenched with water (5 mL) and extracted with Et 2 O (3 × 5 mL). The combined organic layers were dried over MgSO 4 , filtered and concentrated under reduced pressure. The crude material was purified by column chromatography (SiO 2 , using the noted solvent mixture) to yield the desired trifluoromethylated product 2. For volatile compounds, 4-fluoroanisole (3 equiv) was added as an internal standard to the crude, and the reaction was analysed by 19 F NMR spectroscopy in CDCl 3 . The identity of the products was further confirmed by 1 H NMR of the crude mixture (and GC/MS analysis for unknown compounds).
Trifluoromethylation of unactivated arenes (1p, 1q and 1r):
Scheme S2. Trifluoromethylation of unactivated arenes.
General procedure B:
An oven-dried reaction vial (5 mL) was charged with trimethyl(trifluoromethyl)silane (73.9 μL, 0.5 mmol), arene (2.5 mmol (1r) or 5.0 mmol (1p and 1q)), (diacetoxyiodo)benzene (322.1 mg, 1.0 mmol), AgF (15.9 mg, 0.125 mmol) and anhydrous DMSO (0.5 mL). The vial was sealed with a septum cap and the reaction was heated at 70 °C for 20 h. The resulting mixture was quenched with water (5 mL) and extracted with Et 2 O (3 × 5 mL). The combined organic layers were dried over MgSO 4 , filtered and concentrated under reduced pressure. 4-Fluoroanisole (3 equiv) was added as an internal standard to the crude, and the reaction was analysed by 19 F NMR spectroscopy in CDCl 3 .
1,4-Dimethoxy-2-(trifluoromethyl)benzene (2a)
1 Prepared following general procedure A using 1,4-dimethoxybenzene (41.4 mg, 0.3 mmol). The reaction mixture was purified by flash chromatography using 20% DCM in pentane to afford 2a as a colourless oil (Yield = 58%).
1 H NMR (400 MHz, CDCl 3 ):  7.12 (d, J = 3.1 Hz, 1H), 7.02 (dd, J = 9.1, 3.0 Hz, 1H), 6.94 (d, J = 9.0 Hz, 1H), 3.86 (s, 3H), 3.79 (s, 3H); 13 C NMR (100 MHz, CDCl 3 ):  152.9 (C), 151.5 (C), 123.4 (q, J C-F = 272.4 Hz, CF 3 ), 119.4 (q, J C-F = 31.1 Hz, C), 118.1 (CH), 113.5 (CH), 112.8 (q, J C-F = 5.5 Hz, CH), 56. Prepared following general procedure A using 1,2-dimethoxybenzene (41.4 mg (38.2 μL), 0.3 mmol). The reaction mixture was purified by flash chromatography using 30% DCM in pentane to afford 2c as a colourless oil (Yield = 55%). 1-Chloro-3,5-dimethoxy-2-(trifluoromethyl)benzene (2f) and 1-chloro-3,5-dimethoxy-4-(trifluoromethyl)benzene (2f * ) Prepared following general procedure A using 1-chloro-3,5-dimethoxybenzene (51.8 mg, 0.3 mmol). The reaction mixture was purified by flash chromatography using 10% DCM in pentane to afford 2f (major) as a colourless oil and 2f * as a white solid (Yield = 83%, 2f:2f * = 2:1). 1-Chloro-3,5-dimethoxy-2-(trifluoromethyl)benzene: 
1-Bromo-2,4-dimethoxy-5-(trifluoromethyl)benzene (2g)
Prepared following general procedure A using 1-bromo-2,4-dimethoxybenzene (65.1 mg, 0.3 mmol). The reaction mixture was purified by flash chromatography using 50% Et 2 O in iso-hexane to afford 2g as a white solid (Yield = 40% 
1-Bromo-3,4,5-trimethoxy-2-(trifluoromethyl)benzene (2h)
Prepared following general procedure A using 1-bromo-3,4,5-trimethoxybenzene (74.1 mg, 0.3 mmol). The reaction mixture was purified by flash chromatography using 40% DCM in pentane to afford 2h as a yellow oil (Yield = 55% 
1-Iodo-3,4,5-trimethoxy-2-(trifluoromethyl)benzene (2i)
Prepared following general procedure A using 1-iodo-3,4,5-trimethoxybenzene (88.2 mg, 0.3 mmol). The reaction mixture was purified by flash chromatography using 40% DCM in pentane to afford 2i (as a mixture with a small amount of an inseparable impurity) as a yellow oil (Yield = 51%). 
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Methyl 2-(trifluoromethyl)-3,4,5-trimethoxybenzoate (2l) Prepared following general procedure A using methyl 3,4,5-trimethoxybenzoate (67.9 mg, 0.3 mmol). The reaction mixture was purified by flash chromatography using 100% DCM to afford 2l as a yellow oil (Yield = 54% 
4-Bromo-N,N-dimethyl-2-(trifluoromethyl)aniline (2n)
Prepared following general procedure A using 4-bromo-N,N-dimethylaniline (60.0 mg, 0.3 mmol). The reaction mixture was purified by flash chromatography using 100% pentane to afford 2n (as a mixture with a small amount of an inseparable impurity) as a yellow oil (Yield = 64%). 
1,4-Dimethyl-2-(trifluoromethyl)benzene (2q)
Prepared following general procedure B using p-xylene (530.9 mg (617 μL), 5.0 mmol). 
1,3,5-Trimethyl-2-(trifluoromethyl)benzene (2r)
Prepared following general procedure B using mesitylene (300.5 mg (348 μL), 2.5 mmol). The reaction mixture was analysed directly by 19 
2-Methoxy-5-(trifluoromethyl)thiophene (2x)
Prepared following general procedure A using 2-methoxythiophene (34.3 mg (30.2 μL), 0.3 mmol). The reaction mixture was analysed directly by 
2,6-dimethoxy-3-(trifluoromethyl)pyridine (2aa)
Prepared following general procedure A using 2,6-dimethoxypyridine (41.7 mg (39.6 μL), 0.3 mmol). The reaction mixture was purified by flash chromatography using 100% pentane to afford 2x as a white solid (Yield = 72%). 
S8
Trifluoromethylation in the presence of radical scavengers:
Additive Yield (%) TEMPO <1 Galvinoxyl <1
Scheme S3. Reaction with radical scavengers
To an oven-dried reaction vial (5 mL) charged with 1,4-dimethoxybenzene (41.4 mg, 0.3 mmol), (diacetoxyiodo)benzene (193.3 mg, 0.6 mmol), a radical scavenger (0.6 mmol) and trimethyl(trifluoromethyl)silane (88.7 μL, 0.6 mmol) in anhydrous DMSO (1 mL) was slowly added AgF (9.5 mg, 0.075 mmol). The vial was sealed with a septum cap and the reaction was stirred at room temperature for 20 h. The resulting mixture was quenched with water (5 mL) and extracted with Et 2 O (3 5 mL). The combined organic layers were dried over MgSO 4 , filtered and concentrated under reduced pressure. 
